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1NWDC/CRUSER Warfare Innovation Workshop September 2013: 
Distributing Future Naval Air and Surface Force Capabilities
by Lyla Englehorn, CRUSER Director of Concept Generation, laengleh@nps.edu
Co-sponsored by Navy Warfare Development Command’s Chair of Warfare Innovation and the Con-
sortium for Robotics and Unmanned Systems (CRUSER), the September 2013 Warfare Innovation 
Workshop (WIW) was held on campus during NPS Enrichment Week, 23-26 September. The first NPS 
Innovation Seminar supported the CNO sponsored leveraging the Undersea Environment war game in 
February 2009.  Since that time, warfare innovation workshops have been requested by various sponsors 
to address self-propelled semi-submersibles, maritime irregular challenges, undersea weapons concepts 
and unmanned systems concepts generation. Participants are generally junior officers from NPS and the 
fleet, early career engineers from Navy laboratories, and CNO Strategic Studies Group (SSG) Director 
Fellows.
 
Participants for the September 2013 workshop were gathered to advance two important ideas: the dis-
tributed air wing capability and distributed surface force capability concepts. Within a near future South 
China Sea A2AD environment teams were asked to generate concepts employing unmanned systems 
from various launch platforms in independent, and in coordination with traditional CVN/CVW assets.
 
The workshop began with an overview of the scenario followed by a series of knowledge-leveling ple-
nary briefs. The concepts introduced included the distributed air wing and a U.S. flotilla of smaller 
combatants. After lunch, participants listened to a panel discussion on the ethical issues associated with 
unmanned systems – specifically lethal autonomous robots (LAR). In a final tasking brief, teams were 
directed to consider modified LCS designs with greater offensive power to integrate with aviation as-
sets, and presented with potential technologies to consider including the long range anti-ship missile 
(LRASM), the ASW continuous trail unmanned vessel (ACTUV), the Tactically Exploited Return Node 
(TERN), Network-Optional Warfare, and the Hydra concept.
 
The three and a half day experience allowed NPS students focused interaction with faculty, staff, fleet of-
ficers, and visiting engineers from Navy labs and industry; and culminated in a morning of final concept 
briefs and fruitful discussion of the role of unmanned systems in the future naval force.  A final report 
will be released at the FOUO level before the end of the calendar year. Please contact Lyla Englehorn 
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Students Challenged to Consider the Ethics of Unmanned Systems
by Kenneth A. Stewart, NPS Public Affairs Office, kastewar@nps.edu
NPS Department of Defense Analysis Assistant Pro-
fessor Bradley J. Strawser, center, moderates a debate 
between University of Denver Visiting Associate Pro-
fessor Heather M. Roff, left, and freelance journalist 
Joshua Foust, right. Debate participants sought to an-
swer the question, “Does the future of unmanned and 
autonomous weapons pose greater potential ethical 
dangers or potential ethical rewards?”
Foust argued in favor of the development of autono-
mous combat systems, contending that “machines 
are quick, better at processing large amounts of data 
instantly” and therefore superior in some aspects to 
actual service members. Although machines are im-
perfect, Foust noted, they are more effective than their 
human counterparts.
“Humans are deeply flawed moral actors in war,” Foust 
said. “Machines respond to criteria and input, they lack 
emotional choices” and the presumed negative affects 
of those emotions.
Roff countered that it is the absence of human emo-
tions that make unmanned systems, generally, and 
Lethal Autonomous Robots (LAR), specifically, poor 
combat options.
“We are focusing on the vices, but we should be look-
ing at the virtues. What about when a soldier shows 
empathy or mercy? Taking the emotion out of combat 
is not necessarily a good thing,” said Roff. “You can’t 
mimic human judgment.”
At times the debate spilled over into areas outside the 
purview of military operations.
“These are not just military questions. They have moral 
implications that go beyond military use like bio-eth-
ics, medical ethics, autonomous cars,” said Strawser.
The debate was attended in part by students participat-
ing in a Warfare Innovation Workshop co-sponsored 
by the Navy Warfare Development Command’s Chair 
of Warfare Innovation and NPS’ Consortium for Ro-
botics and Unmanned Systems Education and Re-
search (CRUSER).
For more information on the debate, check out the full 
story at http://bit.ly/19zITpT
Director’s Corner
As we kick off the new academic quarter and its third year, CRUSER aims to reinforce its 
vision for a broad and diverse community for collaboration and innovation in robotics and 
unmanned systems. Ranging from outreach in academic and education initiatives to forums 
for discussing socio-ethical and legal issues to showcases of technical research across the 
CRUSER Community of Interest, the opportunities to engage and share are countless!
Dr Timothy H Chung, CRUSER Deputy Director
Freelance journalist Joshua Foust, left, and University of Denver Vis-
iting Associate Professor Heather M. Roff, right, joined NPS Depart-
ment of Defense Analysis Assistant Professor Bradley J. Strawser for 
a unique debate on the ethics of unmanned combat systems, Sept. 24
CRUSER Robo-Ethics Continuing Education Series 2013 Archival Videos
“Does the future of unmanned and autonomous weapons pose greater 
potential ethical dangers or greater potential ethical rewards?”
Part 1: Joshua Foust
http://bit.ly/15kzt3S
Part 2: Heather Roff
http://bit.ly/19xjh2J
Part 3: Panel Debate
http://bit.ly/16vv5A5
3Pint-sized Synthetic Aperture Radar Packs Big Punch for Hand-Launched Small UAV
by Adam MacDonald, PhD, Director USAF and DoD Labs Business Development
How many firefighters are trapped behind the firebreak but 
obscured by the heavy smoke?  Are there any tracked vehicles 
beneath those camouflaged tents?  How many small water craft 
are moving into the harbor under dense sea fog?  These are tough 
questions for today’s small unmanned aircraft system (SUAS) 
operator when constrained to viewing the world through the 
visible optical and infra-red regions of the electromagnetic 
spectrum.
Synthetic Aperture Radar, or SAR, is a type of imaging radar 
that has been employed by manned fighter and bombers, as well 
as large unmanned aircraft, over the past several decades.  SAR 
is invaluable during battlefield intelligence, surveillance and 
reconnaissance (ISR) missions because it produces extremely 
detailed radar imagery.  The resolution of SAR imagery ap-
proaches that of a visual image taken from directly overhead the 
targeted region, yet the platform carrying the imaging sensor 
can be a great distance away.  As a result of dramatic reductions 
in size, weight and power, very small SAR sensors can now be 
integrated onto SUAS platforms.  While the range of SUAS is 
limited compared to high-cost and scarcer manned fighter/
bomber platforms, SAR image clarity from these platforms can 
be stunning at the nominal ranges serviced by SUAS and they 
can be deployed rapidly by on-site personnel.
SAR works by effectively increasing the size of the available 
antenna aperture.  Due to physical limitations of electromag-
netic radar, a physically large antenna aperture is required to 
form the very narrow beamwidth to accurately scan a target 
area.  This narrow beam is key to increasing spatial resolution 
of the formed image.  Unfortunately in this case, size is one of 
the properties that SUAS, which weigh from three to 13 pounds, 
lack.  To overcome this, a “synthetic aperture” antenna can be 
formed by mathematically stitching together a series of coher-
ent radar images collected while the SUAS platform travels 
over some distance.  Within limits, the size of this aperture 
approaches the distance that the aircraft travels during the col-
lection process.  In truth, this process only increases resolution 
in the cross-range direction, while modern pulse compression 
techniques enhance image resolution in the down-range axis.
AeroVironment’s Puma AE small unmanned aircraft system 
was an ideal candidate for integration of IMSAR’s NanoSAR 
imaging radar due to its available SWAP, flight path stabil-
ity, payload carriage capability and rugged endurance in harsh 
flight and ground handling environments.  Figure 1 shows the 
system as deployed at Camp Roberts for Joint Interagency Field 
Experimentation Program (JIFX) 13-4.  The data generated by 
the NanoSAR were easily ported through the Puma AE’s native 
encrypted digital data link, enabling near real-time display of 
SAR imagery on the compact mission operator laptop without 
the addition of new hardware components other than the radar 
system integrated into the Puma’s fuselage. Figure 2 shows a 
sample of the collected SAR imagery contrasted to registered 
visual imagery.  
JIFX 13-4 provided an outstanding venue for this field trial of 
cutting edge yet high TRL technology.  The test team found the 
collaboration with other small businesses and research orga-
nizations to be invaluable.  As an example, the Puma system 
was requested to provide overwatch ISR footage of a limited 
access experiment taking place simultaneously with the SAR 
image collection missions, and that imagery was subsequently 
distributed to JIFX leadership for inclusion in lessons-learned 
out-briefs to government sponsors.
In summary, the integration of the NanoSAR with Puma AE 
proved to be a tremendous success, both as a risk-reduction 
effort ahead of productionization of this configuration and also 
from the standpoint of gathering measurable, repeatable data to 
support the basic understanding of SAR on SUAS.
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Upcoming CRUSER Monthly Meeting
Tues 15 Oct, 1200-1250 (PDT)
Root 242, VTC, or dial-in 831-656-6681
contact us at cruser@nps.edu for the passcode
Short articles of 300-500 words for CRUSER 
News are always welcome - cruser@nps.edu
•	 Unmanned Systems/Robotics research
•	 New Program/Systems/Projects
•	 Other aspect of Unmanned Systems/Robotics
Figure 1: Image of IMSAR NanoSAR payload integrated into 
AeroVironment Puma AE
Figure 2: SAR imagery compared to registered optical daylight 
imagery
4A Sensor Management Framework for Coverage, Search and Mapping Applications
by Amit Surana and George Mathew, United Technologies Research Center, SuranaA@utrc.utc.com
United Technologies Research Center (UTRC) a research 
wing of United Technologies Corporation (UTC) has recently 
been developing and maturing a novel efficient, robust and 
scalable framework for flight-path management and collab-
orative sensor usage for multi-vehicle Intelligence, Surveil-
lance and Reconnaissance (ISR) applications. This framework 
which we refer to as Spectral Multiscale Coverage (SMC) was 
initially developed in collaboration with the University of 
California Santa Barbara in an UTRC led DARPA DSO RUM 
project1. 
Modern day ISR missions require persistent search and 
tracking of a large number of targets in complex, dynamic 
and uncertain environments with significant clutter and ob-
scuration. Currently accepted state-of-the-art algorithms 
for UxV (Unmanned Aerial/Ground/Underwater Vehicle) 
based search rely on lawnmower search (LMS) patterns and 
their variants.  While broadly accepted in numerous search 
communities primarily due to the ease with which crew can 
manually/remotely execute the pattern, the LMS suffers from 
various shortcomings: it is not robust to environmental un-
certainties (e.g. wind conditions) and sensor processing er-
rors (e.g. target geolocation errors, false alarms and missed 
detections), and is difficult to adapt based on prior/new avail-
able information as mission progresses. The SMC framework 
alleviates such problems, and provides a generic approach 
for coordination of multiple UxVs, control of gimbaled sen-
sors or jointly coordinating UxVs path and sensor pointing 
for different ISR functions such as area coverage, multi-target 
search/tracking, aerial mapping and ocean sampling.
The SMC framework is based on a novel coverage metric2,4 
(motivated from ergodic dynamical systems theory) which 
keeps track of how well sensor trajectories cover the physi-
cal space over time with respect to the current uncertainty in 
coverage. Taking into account sensor motion dynamic con-
straints, optimal control techniques are used to derive feed-
back control laws with the objective of driving the sensors to 
locations which lead to the highest rate of decay of this cover-
age metric2,4,5. This gives rise to a multi-scale sensor coverage 
dynamics (Figure 
1), making it dif-
ficult for a target to 
evade detection.  The 
computation of SMC 
feedback control 
scales linearly with 
the number of vehi-
cles/sensors, render-
ing SMC a scalable 
approach. 
The SMC framework 
also provides a sys-
tematic way to incor-
porate and update 
prior information 
(e.g., likely location of 
targets) in the cover-
age metric. In particular, decision and estimation theoretic 
techniques can be used to automatically incorporate time 
evolving uncertainties in sensor coverage gaps and target 
locations in the coverage metric and thereby adapt the SMC 
control. Simulation studies have shown that in the presence 
of terrain and sensor observation uncertainties, the adaptive 
SMC-based search of stationary targets outperforms LMS by 
25-50% in terms of median search times3,5. For mobile targets 
adaptive SMC enables tracking/coverage of multiple targets 
per sensor for extended periods of time. The practical feasi-
bility of SMC has been demonstrated in unmanned helicopter 
flight tests6 (Figure 2). Currently, UTRC is further maturing 
the promising SMC approach with the potential of transition-
ing it to various DoD agencies, and to the UTC’s subsidiaries 
such as Sikorsky Aircraft Cooperation for helicopter Search 
and Rescue missions and United Technologies Aerospace 
Systems for Small UAV applications. 
1Banaszuk, A. et. al. (2011), Scalable Approach to Uncertainty 
Quantification and Robust Design of Interconnected Dynamical 
Systems. Annual Reviews in Control, 35(1), 77-98.
2Mathew, G. & Mezic, I. (2011), Metrics for ergodicity & design of 
ergodic dynamics for multi-agent systems. Physica D: Nonlinear 
Phenomena, 240 (4–5), 432–442.
3Hubenko, A., Fonoberov, V. A., Mathew, G., & Mezic, I. (2010), 
Multiscale Adaptive Search. IEEE Trans. Syst. Man Cybern. B, 
41(4), 1076 - 1087.
4Mathew, G., Surana, A., & Mezic, I. (2010), Uniform Coverage 
Control of Mobile Sensor Networks for Dynamic Target Detection. 
Proc. of IEEE Conference on Decision and Control.
5Surana, A., Mathew, G., & Kannan, S. (2012), Coverage Control of 
Mobile Sensors for Adaptive Search of Unknown Number of Tar-
gets. Proc. of International Conference on Robotics and Automa-
tion.
6Mathew, G., Kannan, S., Surana, A., Bajekal, S. & Chevva, K. R. 
(2013), Experimental Implementation of Spectral Multiscale Cov-
erage and Search Algorithms for Autonomous UAVs. to appear in 
AIAA GNC 2013.
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Figure 1: Multi-scale SMC trajectories for three sensors corresponding to the 
three colors.  The trajectories first fill the space at coarser scales, followed by 
finer ones and avoid spending time in unimportant areas marked grey.
Figure 2: SMC flight path of a small scale un-
manned helicopter from a coverage experiment 
with search prior shown as an inset. 
